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NATIONAIJADVISORYCOMMITTEEFORAERONAUTICS.

TEOHNICULNOTENO.17.

ITALZANANDFRENCHEXPERIMENTsONWIND!m’nwLs?

‘h.Ehight,TechnicalAssistantinEurope,
ParisOffice,N.A.C.A.

TheNationalAdvisoryCcamitteeforAeronauticssuknitsthefol-
lowingreport,whichistheresultof a speoialanalysisofthemeas-
urementsandtheinvestigationsofvariousmodelsofwindtunnelsin
Europe,mde bylir.WillianKnight,aow!Fechni&JAssistantinEuroPs
totheNation@AdvisoryCcarnitteeforAeronautics.Thisreportwas
presentedbyMr.Knightin1918toDr.W.F.Durasd,thenScientific
Atta&6totheAmericanBnbassy,%ris,Fran@.

Costanzi?sEkPeriments.

TheexperimentmadebyEiffelia~s laboratoryatAuteuilin
theaerodymmicaltunneldesignedb~himinducedColonelCostanziof
theItalianArmytostarttwdseriesofexperimentsatthe‘Instituto
Centrale Aeronauticonathme, witha viewofdetermining:

1st- Whatwastheinfluenceofthesurroundingbuilding
in whichthetunnelwasinstalledontheefficiency
oftheinstallation,and

2nd- Howtheefficie=yoftheinstallatioawasaffeeted
bythe&esignofthetunnel.

Themodelsoftunnelsusedbothiathefirstandinthesecond
seriesofexperimentswaremadeoutofa cylindricalchmnberconnected
atoneendtoa nozzleandatthe.otherendtoa diffuser,theshape
and-iiimknsionsbeingasshownia Fig. 1.

A 24bladeair-screw drivenbya 2 HPD.C.electricmotorsupplied
theaircurrent,thevelocityofwhichwasmeasuredineverycasein
thecylindricalchamberwitha grellanemometer.A dynamometerinsert- .
edintheaxisofrotationbetweenthemotorandtheair-screwmeastied
thetorqueabsorbedbythepropellerfora~ corresp@lingvelocityof
theair currentasregisteredbytheanemometer.Thespeedofthemotor
variedbetween250and3200R.P.M.ColonelCostanziin“Rendiconti

--- —...
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delleesperiens~edeglistudieseguitiaellostabilimentodiE%per-
ienzee CostrusioniAeronautiohedelGenio- ~SC. 3° vol. IIWgiV8S
theveloc%tyoftheairintherestrictedsectionofthetunnelin
meterspersecondforeaohexperimentperformed,thespeedofthemotcz’
ink.p.m.andthepowerabsorbedbythedynamometerinkilogramneters.
Theresultsarepresentedin21Tables(oneforeaohexperimentper-
formed)and6 diagrams.

InordertofacilitatethecanparisonQ?theresultsobtained,I
havearr~ed differentlytheexperimentaldatapresentedbyColonel

‘ Costanzi.Insteadofgivingtheworkabsorbedbythedynamometer,the
P~ratio~= pt wasoalou3atedinevery caae.

of

=al
Paistheenergypossessed by theairintherestrictedseotion

theGunnelwherethevelocityismeasured.

P,U= MV2-,
7

where:

d = diameteroftunnel“wheretheairvelocityismeasured.

v = velocityofthea$rinthesectionofthetunnelhavinga
diameterd.

d = density oftheairat15” temp.and30!1barometricpressure.

g = accelerationduetogravity.

P isthetechnicalenergyabsorbedbythedynamometerforpro-
d~Gi@%nairc~rentoftheve~o~ity~ in thesectionQ ofthe
tunnelan&isexpressedinthesameunits as Pu,

~ = $ istheefficiencyof thetp
m

InTablesI and11aregiventhe
24groupsofexperimentsperformedby

installation.

va3uesof~t calculatedforthe
ColonelCostansi.

InTableI aretabulatedtheresultsofthefirstseriesof11
experimentsmadefordeterminingtheinfluenceofthesurrounding
buildingontheme~~cal effi,cfencyofaniaerodynamioaltunnelOpen
atbothends.Fortheseexperiments,twomodelsoftunnelshaving
thedimensionsshowninFig.1 wereused. Themodelsweremadeoutof
woodpolishedinsideso as to reduceas muohas possiblethewindage
losses,andwereinolosediuamodelbuildingofthedimension8giv~
in3?ig.1.
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Threedifferentmodelsofbuildingswereusedfortheseexperi-
mentssndtheywere41 madewiththeSZIIdoorsandtheroofremova-
ble,soastoallowthemeasurementofthspowerabsorbedbythedyna-
mometerforproducingenaircurrentofa desiredvelocity,whenthe
intakeendoutletoftheairwastakingplaceeitherintotheclosed.
atmosphereofthebuildingorintotheopenair.A removablediaphragm
couldbeplacedinsideofbuildingNo.1 normaltotheaxisofthe
tunnel,allaroundtherestrictedeectiouwheretheair velocitywas
measured.Thisdiaphr~whenitwasinplaceprevented.thecircu-
lationof the tir franoneeuitotheotherinsideofthebuilding.

InTableIIaregiventheva~~sof#t for13groupsofexperi-
mentsmadefordetermiti~thei,musnce of the &SSigUofthenozzle
- thediffuserx thelocationoftieair-scrgwOn the efficiency
oftheinstallation.InFig.2 aregiventhedimensionsofthemodels
experimenteduponi=OS,chcase.

Theconclusiontobedramfromthefirstseriesofexperimentsare:

1. Iftheroofendthedoorsofthebuildingare closed, the
ValUSSof#3~asobtaiuedundertheseconditionsexeaboutonehalf
Ofthecorrespondingvaluesof~b asobtainedwiththeenddoorsopen
(seeexperimentsNos.1 and4).

2. Theopeningofeithertheizdetdoorcmtheoutletdoor,the .
-ditionofa diap~agminthemitileofthehallallaroundthetun-
nel,suchastopreventtheairfr~ circ~ati~from~ em tothe
otheri~ideofthebui~di~,theopening oftheroof,ad theincrease
insizeoftheb~~~~, havenoappreciableinfl~nceODtheVS2UeS
of/Dtl whichwill beonlyslightlylargerthanwhenthedoorsare
closedandtheroofisinplace.

3. MS efficiencyofa tunnelhavingthenozzleandthediffuser
madeoutofparabolics~face~iSabontone~lf theefficienwofa
t-l Ofequaldimensionswithstraightconicalinletandoutlet,OP-
eratingundeirthesamecotiitions.

me Confusionstkatcanbedrawnfromthesecondseriesofexper-
iMISQts*e:

1. h extensioncf the diff~er km of the am-screwincreases
thevaluesof~t.

2. Ifthediffuserisentirely t~~ off,fieefficiencyofthe
installationis practicallyeq&l tO the efficiencyofj2ttheair-screw.

3. A cylindricalextensionofthediffuserrightbackoftheair-
screwhasthetendencytodecreasethevalueof~t

4. Ifboththenozzle~ the~f~~ arecon~gctedat the
-Wer endtoa cylintii~lchambr havinga diameterdoubletheSMall-
OStdiameterofthenozzleandthediff~er,thevalueof~t is
about~ Qndlerthanifthediameterswerethesame(seeexperiments
22end24). .
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5. A slightdiscontinuityoverthelengthoftheexperimental
chamber(cylindricalportionofthetunnel)decreasesonlyslightlY
thevalueof~t (seeexperiments23and24).

6. The
theinletof
ofabout6C$

A third

increaseoftheratioofthe
thediffuserfran1.7to4.2
(seeexperiments16and21).

diametersattheoutletandat
producesa decreaseof~k

CastellazzitsEmeriments.

seriesofexperimentswasperformedlateronbyLieut.
CastellazzioftheItalian- (seeRRen-dicontidell:IstitutoCen-
traleAeronautic,AnnoVII,19YP)fordeterminingthemosteffioient
design ofa tunneloftheCroccotype.InFig.3 aregiventhedi-
mensionsofsixmodelsoft~els ontiichseven series ofexperiments
wereperformed.AlsointhiscaseI havecalculatedthevaluesof~t
fureachcorrespondingvelocityof theairintheexperimentalchem-
ber,14-3/16ndianeter,audthevaluesobtainedaretabulatedinTable
III. -

Theconclusionsthatcanbedrawnfromthese

1. Theextensionofthediffuserbehindthe
an increaseof/U**

experimentsare:

air-sorewproduces

2. A decreaseinlengthofthecylindricalohemberincreasesthe
valueof pt~

Theshapeofthesectioaoftheductsforthereturnof tbe
air~; noappreciableinfluenoeonthevalw of~ t.

4. A Slightinterrqtioa over thelengthoftheexperimental
chamberdecreasesonlysl%ghtly the valueof~t.

5. Theopeningofthedooron‘ancarmnicatingtotheoutside
produceea largedropinthevalueofFt.

ComparingtheresultsobtainedfromCostsnzirsexperimentsandme
resultsofCastellazz51sexperimentswemay concludethat:

1. Theefficiencyofa tunneloftheOroccot~e islargerthan
theefficienqof~ Eiffelt~e~ ofthes~e dimensions(See~OS~i
No. 21and CastellazziNo.1). Theefficiencyofthe~ffeltunnelat
Auteuilatamaximvn~nd.speedof 104feetpersecondis~ = 1,37
andthepow= neededis84.5~; whiletieeffioie~yofthetiocco tun-

nel atRomeata maximunwindspeedof165feetpersecondis ~+-= 2.9
andthepowerabsorbedis113HP. Ata windspeed
secondtheCroccotunnelgives# = 2.65andthe
powersuppliedby the motorisonl#28HP.

2. A tunnelOftheCroccotypehaethegreat
possibleitsinstallationina smallbuilding,the

of104feet”pe~
correspondinghorse

advantageofxnaking
dimensionsofthe
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buildinghavingnoinfluenceataU onthevalueof ~t, *i*, intie
caseofanEiffeZtunnel,isgreatlyinfluencedbythesidesofthe
surroundingbuilding.AnotheradvantageoftheCroccotunnelistobe
foundinthepossibilityofcontrollingthetemperatureandthehu.nid-
ityof theairandintheeliminationofthedisturbingactionofthe
wind attheentranceofthenozzleandattheoutletofthediffuser.

MQdelNo.4 ofCastelkzzi8s~erimentewas&optedforthein-
stallationofthetunnelatthe‘IstitutoCentraleAeronautic,Rcma.”
Anotherseriesof~per~entswas startedn-t fm deteminixthe
numberandthewidthofbladesoftheair-screwwhichwouldgivethe
bestresults.Inthefinalinstallationofthe‘IstitutoCatralell
eightpropellers,.23-5/%~diameter,weretestedintunnelNo.~. In
TableNo.VIIaregiventhevaluesof Pt calculatedinthes~e waY
aabeforeandther.p.m.ofthedrivingmotorforeverycorresponding
Windvelocityiuthesection14-1/8ndiameter,are also given. For tie
finalinstallation,a N.p.L.typeofpropellerWth seventeenbkdeS
was adopted.h Fig.No,4 areshownthemaindimensionsofthatin-
stallation,andinTableI?o. IV ~e ta~ated the motorhorse-power
- ther.p.m.forcorrespondingvelocitiesoftheairinthecyli=
drical chamber,asobtainedfromtest.

me efficiencyofthepropellerwasCalculatedbymeasuringtheair
pressureri@t infront@ i~ediatelybehi~thepropeller.NOde-
tailearegiveninthepublicationofme testresultsaboutthear-
raIlg~entadoptedformea~ing mctly these pressures.Thevalues
@venfortheefficie~yofWe propeller seemtobe toolarg~.~
values of ~t werecalcdatedalsoin thiscaseand,in addition,tie
vdUeS Of > ~ aregiveninthe~aStC03= OfTab10IV. (pb =

Pt— ,where
A

pv istheefficiencyoftheair-screw.)

EiffelfsExperiments.

Recentlyanotherserie~of~er~eat~ wasstartedbyEiffelin
hislaboratoryatAuteuilon34m~elsoftunnelsofdifferentdimen-
siorasasshowninNg. 5.

!FhenozzleOfeachmodel~S takingtheairfromtheexperiment~
chamberof theEiffelinstallationwherea depressionof 51.5milli-
metersof waterwasproducedibystartingtheair-screwofthel~ge
tunnel.Thedepression=5Z.5Krzn.at thenozzle ofthemodeltested
Produoeda currentofairthroughthemodeloftunnelwheretheair
depressionh wasmeasuredat thecylindricalsection.Theefficien-
Cyofeachmcdel~b = ~ isgivenin!lableV. Knowingh and~~v

IhavecalculatedthevelocityoftheairInthecylindricalsection
5f$JaGh
weight
andthe

model:V = -d where “d”istheratioof thespecific
ofthewaterusedinthebarometeronwhichh wasmeasured
specificweightoftheair, andIs: d = 800, @fi~ V=

—
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r2 .9.81 x P, x .051,5. MO; thevaluesofV aretabulated
inTableV.

Thisseries of experimentswasstartedbyEiffelinordertofind
outif,bychangingtheshapeofthenozzleorofthediffuserofthe
largetunnelatAnteuil,theefficiencyoftheinstallationcould
beimproved.

Theconclusionsarrived atbyEiffelare:

1. Thelargestvalueof Pb withthemodelstestedhais’beenob-
tainedwitha nozzleat35°anda diffuserat7°,theM-gestdiameter
of boththenozzleandthediffuserbeing3 timesthediameterofthe
cylindricalchamber(seeexperimentNo.25, ~b= 5.67).

2. Thelargestvalueof ~b ,whenthelargestdiameterofboth
thenozzleandthediffuserisdoublethediameterofthe cylindri-
calchambar,isQbtainedwithanozzleateither35°or22°anda dif-
fuserat?0(seeexperiments1 and17,~b=4.0s)-

3. Ifthelargestdiameterofthenozzleis3 timesthediameter
ofthecylindricalchamber,andthelargestdiameterofthediffuser
istwicethediameterofthecylindricalchamber,thelarastvalueOf8~-bis obtainedwitha nozzleat22°andadi’ffuserat7 &seeexperi-
mentNo.5,# b= 4.48).Ifthe angleoftheno%zleis35 instead
of=0, the%alSof ~b doesnotchangebganyappreciableamouz’lt
(seeexperimentNo.24,/ab = 4.38).

At th Ziffellaboratorywasalsorecentlyinvestigateda modelof
tunneltobeins~lledat theWO~kSof Saut~-Ekr~S, pa%?is.

Thedimensionsofthem@e~ testedandtheresultsofthetests
tie (experiments35 to39)areshowninthepicturion top ofTableV
(a)andin TableV (a),respectively.

Thevalueof ~ asobtainedfromtheseexperimentsismorethan
twiCethevalueof ~tt asobtainedin thelargeEiffeltunnelat
Auteuil.

I havebeenpresentatthetestofthefinalinstallationatthe
Sauter-HarlbworkqofthetunneldesignedbyEiffel.

_ toa greatlimitationofavailableroantheintakeaadOUtlet
oftheairco~d nottakeplaceintotheopenatmosphere.

Theaircirculationisestablishedthrougha roanrightabovethe
t-l, andtheprevailingconditionsarenotsuchastoinsurea ste~y
flowoftheairintotheexp~imentalchamberofthetllnllel.

h spiteofalltheunfavorableconditionsunderwhiohthein-
stallationwasm~e, me fpax~~v~ocity attain~dby the air ill tb
cylindricalsectionoftiet~e~ is~90feetpersec~d~th a 100HP
A.C.variablespeedmotor,360to1200R.P.~,dritinga 6bladeair-
screw. Thevalue of ~t correspondingto30C)HPand190feetsecmd
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airvelo~tyis1.= whitiis35$Zargm
ubtsiaedwiththeEiffelinatallatio~at
104feetpersecond.

than tkm valueof Ft as
Auteuilfora wi@ispeed Of

Zfnolossesdw towindageor to othercauseswereto befound
inanaerodynadcaltunnel having a dismetm D at theentranceof
thenozzleandattheoutletofthediffusex,anda diemeterd at
thecylindricalsection,wewouldhave:
# 4

ph.;.
(’)

~: = 2 wewouldhave:@b = 16. CanparingthisZIgurewiththe
valuesof JYbasobtainedfru&Eifftie~eriments,weceaappreciate
the~itude ofthelosses.

XnFig.6 aregivena fewformulae derivedbyEiffelforcalcw “
Iatingthelossesinanaerodynamicaltunnel(see‘Noteeurlecalcul
&esCoefftclentadluti~Z8ation&esbusespow 8ouff2eriesa8r_%Q+S
8ystemeG Eiffel.m).Thecoeffitientoffrictionof theairoamooth
8~f#XS:~ iscalculatedaccordingtoFrltz8che~8 formulaM& I
haveexpressed&raphZoallFinFig,7.

ApplyingtheformulagiventotworoodelstestedbyEiffel(experf-
m8nts1 sadS)thecalculatedvaluesof p are: 4.97and3.68,re-
spectively,inst~ of4.08~d 3.57asobtknedfruntest.

●

Inordm toocmpsetheresultsobtainedbyCostansitotherestits
obtainedbyEiffel.Ihavecalculated> b forthetwomodelsNos.21
and24mperimented~on byCostanzi,byapplyingtheEiffelfordla “
(seeTableVI),andz havecalc@atedtheefficiencyof theair-screw:

‘t forwind speeds4 #hecylindricalsectionofthetunnelPv= ~

between20 andS2feetpersecond.

I haveplott~inFig.6 theValUSSthusobtainedandI havet4zen
thecurveshownin3’ig.6 as being the effioigncycurveoftheaia-screw
used& Costanzim Castallazziinall the experimentsmade.

WiththeV~WS of~T thu obtain~~d me Ttiueaof ~ given
inTableIIendTableIIIthevaluesof~b giveninTableIVw$recal-
CUatedandtheresultsplottedinFig.% InthesameW8F,thevalues
of#7bas obtaineddirectlybyMffelizahiseucperiments,(seeTableV)
wereplottedinFig.9.
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We oanseafranFig.8 thatforeachmodelthegtial tendencyis
tohave~

!
decreasingslightlyasthevelocityoftheairincreases.

Theseresulsarecontrarytotheresultsofotherexperimentsmade
byEiffelandtotheresultsobtainedbyapplyingtheformulagivenby
Fig.6,aooordingtowhichthevaluesof #2bincreaseslightlyas the
valocityoftheairincreases.Experiencehasshownthattheeffici-
encyoflargetunnelsislargerthantheefficie~yofthereduoedsize
modelsusedforexperimentalpurposes.

Eiffelsuggeststhatavalue~ = 3.25canbe anticipatedfora
welldesignedtunneloflargedimen$~ons.

— —— —— —— — —.
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